The Symbol Digit Modalities Test (SDMT) is a widely used instrument to assess information processing speed, attention, visual scanning, and tracking. Considering that repeated evaluations are a common need in neuropsychological assessment routines, we explored test-retest reliability and practice effects of two alternate SDMT forms with a short inter-assessment interval. A total of 123 university students completed the written SDMT version in two different time points separated by a 150-min interval. Half of the participants accomplished the same form in both occasions, while the other half filled different forms. Overall, reasonable test-retest reliabilities were found (r ¼ .70), and the subjects that completed the same form revealed significant practice effects (p , .001, d z ¼ 1.61), which were almost non-existent in those filling different forms. These forms were found to be moderately reliable and to elicit a similar performance across participants, suggesting their utility in repeated cognitive assessments when brief inter-assessment intervals are required.
Introduction
Repeated neuropsychological assessments are necessary procedures in various clinical and research contexts. The evaluation of different cognitive functions over time can generate insightful data regarding, for example, the state and progression of a given clinical condition, possible improvements, and/or declines, and also the impact of adopted interventions, including surgery, pharmacological treatments, and cognitive rehabilitation. Even so a careful reading of the results between assessments is crucial since different factors can impact the subject's performance. In this realm, practice effects constitute one of the most studied variables that can contribute to bias in repeated cognitive assessment. In simple terms, practice effects refer to an improvement in the task score from the first to the second or following applications of the test attributed solely to the task repetition (McCaffrey & Westervelt, 1995) . Various factors such as comfort and familiarity with the test procedures, the development of learning strategies and the memorization of specific test stimuli can contribute to this performance enhancement.
In a general manner, when the same test version is applied in different occasions, improvements in the performance are probable (Benedict & Zgaljardic, 1998; Woods, Delis, Scott, Kramer, & Holdnack, 2006; Zgaljardic & Benedict, 2001 ) and can even endure 1 year after the baseline assessment (e.g., Basso, Bornstein, & Lang, 1999; Basso, Lowery, Ghormley, & Bornstein, 2001) . Furthermore, practice effects tend to be larger between the first and the second evaluation (Baird, Tombaugh, & Francis, 2007; Beglinger et al., 2005; Collie, Maruff, Darby, & McStephen, 2003; Falleti, Maruff, Collie, & Darby, 2006; Monte, Geffen, & Kwapil, 2005; Register-Mihalik et al., 2012) , and the performance can continue to improve in the subsequent time points although in a minor magnitude, or even reach a plateau (Bartels, Wegrzyn, Wiedl, Ackermann, & Ehrenreich, 2010; Beglinger et al., 2005) . Additionally, some tests can reveal larger practice effects than others. For instance, research shows that instruments which involve learning a specific rule or strategy, and those related to psychomotor processing speed and with non-verbal items show more gains Archives of Clinical Neuropsychology 30 (2015) [424] [425] [426] [427] [428] [429] [430] [431] [432] [433] [434] 
Methods

Participants
The study conduction was approved by the local ethical committee for research in the health sciences (Ethics Subcommittee for Life and Health Sciences of University of Minho). A total of 123 healthy university students collaborated in the present study, 77 (62.6%) women and 46 (37.4%) men, aged between 19 and 37 years old (M ¼ 22.4, SD ¼ 3.54, 16% above 25 years old), 117 right-handed and 6 left-handed, and with 14.9 average years of formal education (SD ¼ 1.96). The subjects were recruited during a class at the School of Health Sciences, University of Minho, Portugal. There were no reports of neurologic and/or psychiatric conditions, abusive consumption of substances, such as alcohol and drugs with known impact in the cognitive functioning, and no presence of sensorial/motor variations with significant interference in the test performance.
Materials
Symbol Digit Modalities Test. The SDMT (Smith, 1982) was created as a measure of cognitive screening for children and adults. It is a substitution task that covers diverse neurocognitive functions, including information processing speed, psychomotor functioning, attention, working memory, and visual scanning (Strauss et al., 2006 ). This test has two possible ways of administration, one written that can be used for individual and group settings and one oral for individual administrations and for subjects with motor complications. The test requires the substitutions of random geometric figures for a specific number, according to a key that contains nine different geometric designs paired with a single 1 -9 Arabic number. In the written version, the one used in this study, a sheet of paper with the key on the top, 120 blank boxes paired with one specific design, and 10 blank boxes for initial practice is presented to the subjects, followed by the instructions. Individuals have 90 s to complete the blank boxes with the expected number of the key, and they are instructed to work as fast and accurate as possible. The SDMT takes, approximately, 5 min to administer, and the score corresponds to the total correct substitutions accomplished within the 90 s. The score ranges from 0 to 120, with higher scores pointing to a better performance. This is a simple test, not time-consuming, easily scored, and it is also a wellaccepted measure for different subject groups, including clinical groups (Berrigan et al., 2014; Possa, 2010; Rogers & Panegyres, 2007; Walker et al., 2012) . As abovementioned, two particular alternate forms developed by Benedict and colleagues (2012) and shown to be equivalent to the Smith's original version (1982) were used (WPS Publishing, Torrance, CA).
Procedure
After giving written informed consent, participants completed a brief questionnaire with relevant personal and medical information, such as years of formal education, occupation, handedness, relevant diseases, and chronic medication use. This initial self-report facilitated the screening of identifiable neurological and psychiatric conditions, sensory-motor alterations, and pharmacological treatments with possible interference in the subjects' performance. The experimental design consisted of two evaluations separated by, approximately, 150 min. In each occasion, the participants were asked to perform one of the written alternate forms: form 1 or form 2. The forms presentation was counterbalanced across participants and a 2 × 2 design was used implying two testing conditions: same condition, in which half of the participants filled the same version-1 or 2-in both occasions, and different condition where the remaining half undertook distinct forms, form 1 in the first assessment and form 2 in the second or vice versa. In both time points, the SDMT instructions were presented according to the SDMT manual (Smith, 1982) simultaneously to all the participants, which were also asked to complete the first 10 training items. Following this initial stage, participants completed one of the two forms during 90 s. Between the two testing phases, participants were engaged in their regular classes.
Statistical Analysis
For the analysis, subjects were aggregated according to the two previously described conditions, same and different, since the alternate forms had been shown to be equivalent . All the SDMT values reported are based in the raw scores obtained from the total number of correct substitutions.
A mixed-design ANOVA was performed with condition as the between-subjects factor and the testing session as the withinsubjects factor, in order to explore potential main and interaction effects between the two described factors on practice effects. Statistical significant interactions were further explored by using the appropriate t-tests. Forms equivalence was tested by comparing mean scores at baseline with an independent samples t-test. Test-retest reliabilities of both forms and between forms were obtained by computing Pearson's product-moment correlations coefficients across the two time points.
As convention, the results were considered statistically significant for p , .05, and when this significant condition was reached, partial eta squared (h 
Results
Subjects assessed with the same and different forms in the two occasions were similar regarding age, gender, and years of formal education. Of note, the groups that completed a same or a different form had a similar distribution in terms of age t(117) , 1, p ¼ . Table 2 .
In the context of practice effects examination, the mixed-design ANOVA revealed a significant main effect of test session, F(1,121) ¼ 100.04, p , .001, h Indeed, although there were statistically significant differences between the two occasions in the same condition, t(60) ¼ 212.54, p , .001, d z ¼ 1.61, performance in the different condition group was not significantly different, t(61) ¼ 20.69, p ¼ .49. This implies that practice effects are important when similar forms are used, but mitigated by the use of alternate forms between assessments (Table 3 and Fig. 1 ). It is noteworthy that, in the first assessment session, no significant differences were found between the participants in the same group (M ¼ 60.67, SD ¼ 9.57) and those in the different group (M ¼ 61.92, SD ¼ 10.83), t(121) ¼ 20.676, p ¼ .50, whereas in the second evaluation session, the same group revealed a better performance (M ¼ 75.71, SD ¼ 13.16) than the different group (M ¼ 62.63, SD ¼ 9.71), t(121) ¼ 6.28, p , .001, d ¼ 1.13. Additionally and supporting previous data that these forms are equivalent, performance in the first assessment for both forms was similar (form 1: M ¼ 62.25, SD ¼ 9.80; form 2: M ¼ 60.37, SD ¼ 10.58), t(121) ¼ 1.02, p ¼ .31.
Test-retest reliability was analyzed separately according to experimental condition, different or same (Table 3) . Importantly, reliability was at a similar level for the group of participants which completed different forms (r ¼ .70, p , .001) and the group exposed to the same form in both occasions (r ¼ .70, p , .001; Fig. 1 ). Overall, these data indicate that both forms are moderately reliable when using the same or alternate forms throughout distinct assessment time points.
Discussion
Brief test -retest intervals of hours up to few days have been implemented in diverse contexts to explore possible cognitive changes occurring within a short span of time or to attenuate the impact of some day-by-day variable factors with known influence in the test performance (Falleti et al., 2006) . In spite of this, test properties under such short repeated administrations remain poorly characterized. In the present work, we assessed the practice effects and test-retest reliabilities of the two SDMT alternate forms in a group of university students using 2.5 h inter-test interval. Our results showed significant practice effects when the same form was administered, but not when participants undertook different, although equivalent forms. These results are in line with previous investigations that report practice effects in the SDMT when similar forms are applied, even with longer test-retest intervals (e.g., Erlanger et al., 2014; Hinton-Bayre et al., 1997; Levine et al., 2004; Register-Mihalik et al., 2012) . More importantly, they also extend to a much shorter test -retest interval previous observations of attenuated practice effects with the application of SDMT alternate forms (e.g., Register-Mihalik et al., 2012) . In the specific case of brief test-retest intervals, it would be expected that the use of alternate forms would be less effective in controlling practice effects, especially because the participants can recall similar test features, including instructions and test materials. Concerning this point, it is important to note that test itself comprise an initial training period, giving a first opportunity to familiarize with the test procedures. Therefore, the possible contribution of this factor to the practice effects, even when alternate forms are used, is probably stabilized from the beginning. Notably, the mitigation of the expected performance improvement when alternate forms are used supports the notion that item-specific practice has an important role in the SDMT-associated practice effects. As a result, when the items are slightly modified in alternate forms, it is possible to attenuate a significant performance enhancement due solely to item-specific learning. Thus, our data support the notion that alternate forms are relevant to diminish practice effects (Benedict & Zgaljardic, 1998) , especially the ones associated with item-specific training (Calamia et al., 2012; Woods et al., 2006; Zgaljardic & Benedict, 2001 ). Even so, there are other strategies to control for practice effects worthy to mention, including: (a) the edification of dual base lines, in which the subject do enough practice trials to establish a stabilized, pre-baseline performance (e.g., Duff, Westervelt, McCaffrey, & Haase, 2001; Watson et al., 1994) ; (b) inclusion of a paired control group (Watson et al., 1994) ; (c) implementation of statistical procedures designed to have in consideration changes related to practice. In this last case, the Reliable Change Index (RCI) has been widely used (Lewis et al., 2006) , since it provides information about how big a difference between two evaluations must be in order to consider a change as clinically relevant (RCI values were also calculated for this study and can be consulted in Supplementary material). The adaptation and combination of these proposals according to the nature of each situation seems the most careful approach for dealing with possible practice effects when interpreting the results obtained from repeated assessments.
Regarding the test-retest reliability, it would be expected to be .0.70 as recommended (Burlingame, Lambert, Reisinger, Neff, & Mosier, 1995) , especially because we used a short inter-assessment interval that is theoretically associated with higher reliability coefficients (Slick, 2006) . Although considering a .70 correlation as reasonable, the values reported by other studies with healthy participants tend to be above .70 (Table 1) , and in the specific case of the Benedict's and colleagues work (2012) that used the same alternate forms also in healthy subjects, they report a coefficient of .86. One of the possible explanations for this finding resides in the demographic specificities of our sample, since some groups can show a more variable pattern across time than others (Slick, 2006) and this has a reflection in terms of reliability. In Table 1 , if we look for the studies with samples of highly educated adults with mean age below 40 (e.g., Goretti et al., 2014; Hinton-Bayre et al., 1997; Levine et al., 2004; Register-Mihalik et al., 2012; Smith, 1982) , even using distinct inter-assessment intervals and different SDMT forms and versions, it is possible to verify Pearson's correlation coefficients between .62 and .82, so there is some variability for this task and the value we found here can be viewed as satisfactory.
In this line of thought, it is important to recognize that variables such as cultural, ethnical, educational, and age-related factors can play an essential role in the test performance. Nevertheless, investigations aimed at a better clarification of the conjugated or independent contributions of these variables in the field of repeated testing performance tend to show different results according to the neuropsychological tasks and the population cohorts. Concerning the SDMT, the results tend to be controversial. Although some studies emphasize no major impact of variables like age and education in its results (e.g., Sheridan et al., 2006) , others point to strong correlations between SDMT performance and the mentioned variables (e.g., Harris, Wagner, & Cullum, 2007; Vogel, Stokholm, & Jørgensen, 2013) . In the case of practice effects, a study of Duff and colleagues (2012) revealed no significant correlation between the performance in SDMT and different demographic, clinical variables (e.g., age; formal education; depression; global cognition). These issues were not explored in the present study, which is an imperative limitation. In this sense, the results obtained here, derived from a group of healthy young adults highly educated, may not be generalized for other populations with different characteristics and also for subjects with a given clinical condition. Additionally, we used the written version and a group administration context, so it is not possible to perceive in what extent our results are applicable to the SDMT oral version, nor to individual testing settings. Even so, it is important to note that the raw scores obtained at baseline are close to the ones reported by other studies in different cultural settings especially with younger highly educated subjects (e.g., Bate, Mathias, & Crawford, 2001; Goretti et al., 2014; Jorm, Anstey, Christensen, & Rodgers, 2004; Nissley & Schmitter-Edgecombe, 2002 ; Tables 1 and 3) . Accordingly, the results found here can be a possible addition to the normative data specifically for the population cohort of European Portuguese university students.
Another important limitation regards the number of conducted assessments and the number of alternate forms used. On one hand, the results found here support that the two alternate forms created by Benedict and colleagues (2012) are moderately reliable considering a short inter-assessment interval but, on other hand, other forms and related practice effects could be tested, including the original version by Smith (1982) , the Hinton-Bayre and colleagues (1997) alternate forms, and the BRNB versions. Moreover, in the research and in clinical practice, it is common to have various repeated evaluations across time. Thus, it would be important to test these SDMT alternate forms in distinct brief and long inter-assessment intervals, with more evaluation time points, in order to get some approximations with the diversity and emergent needs present in different clinical/research context. Another point that needs additional exploration is the possible association between test-retest interval length and the magnitude of the practice effects. In this context, some studies already show no differences between the practice effects obtained in various inter-assessment times (e.g., Baird et al., 2007; Hinton-Bayre & Geffen, 2005) ; for instance, in the study of Baird and colleagues (2007) , the practice effects were similarly noticeable for test-retest intervals of 3 months, 1 week, and 20 min.
As final remarks, the findings presented here support that the SDMT alternate forms used are moderately reliable and equivalent, suggesting its usefulness for serial neuropsychological evaluations. Even considering that the results were extracted from a specific healthy cohort of participants, this study gathers some data regarding the scores stability and practice effects of two SDMT alternate forms in the context of a short inter-assessment interval. This information can be useful for specific normative comparisons (Kendall & Sheldrick, 2000) and for the design of future investigations with other population cohorts, including with clinical conditions. The development and psychometric study of SDMT alternate forms is crucial, since this test can be applied successfully in diverse ethnical and cultural populations (Harris et al., 2007; O'Bryant, Humphreys, Bauer, McCaffrey, & Hilsabeck, 2007) . Similarly, it is a promising cognitive screening tool in different clinical conditions, including MS (Morrow, Jurgensen, Forrestal, Munchauer, & Benedict, 2011; Strober, Rao, Lee, Fischer, & Rudick, 2014) and TBI (Draper & Ponsford, 2008) , in which repeated cognitive evaluations over time are essential. Our results also support the SDMT as a reliable instrument to administrate across brief test-retest periods, and this fact can be advantageous for surgical and pharmacological interventions that require such short intervals (e.g., Bruggemans et al., 1997; Lewis et al., 2006; Pietrzak et al., 2010) . Nevertheless, more investigations are warranted to clarify how different properties of cognitive tests may change in the context of repeated assessment, including possible variations associated with practice effects. So it is pertinent to test brief or long inter-assessment time points, and different cultural, sociodemographic, and clinical characteristics (McCaffrey & Westervelt, 1995; Putnam, Adams, & Schneider, 1992; Slick, 2006) . Moreover, the practice effects can be studied, on one hand, to elucidate their impact in serial testing so that their influence is accounted for when significant cognitive changes are expected and, on other hand, as a measure of cognitive performance. More specifically, the absence or the diminished development of expected practice effects has been suggested as an important marker of neuropsychological dysfunction (Duff et al., 2010) . Overall, new and old neuropsychological instruments require consistent investigations regarding several psychometric characteristics, practice effects associated and even variations linked to different population cohorts and clinical groups.
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